Oribatid communities from the edges of two lakes in the Fløyen area, Bergen, Norway, were compared in June 2005. The lower lake, Blåmansvannet (412 m a.s.l.), is surrounded by spruce forest, while the 'Higher Lake' (513 m a.s.l.), is above the tree line. Both lakes have a low pH and their edges are dominated by Sphagnum mosses. The abundance of total mites, as well as of Oribatida, were almost 2-fold higher at the 'Higher Lake' (51 510 and 51 160 ind./m², respectively), while species diversity was lower than at Blåmansvannet. On the shore of Blåmansvannet, the eudominant (20% < D ≤ 40%) species was Trimalaconothrus maior, while Liochthonius peduncularis, Limnozetes ciliatus, and Nanhermannia cf. coronata were dominant (10%< D ≤ 20%). At 'Higher Lake', the eudominant species was Limnozetes ciliatus, which reached a 4-fold higher abundance (15 930 ind./m²) than at Blåmansvannet, and dominant species were Liochthonius alpestris, Nanhermannia cf. coronata, and Platynothrus punctatus. At both lakes, juveniles made up about 30% of all oribatids. Four species are new to Norway: Ceratoppia sexpilosa, Liochthonius alpestris, Liochthonius peduncularis, and Trhypochthoniellus longisetus.
INTRODUCTION
Oribatid mites are found mainly in terrestrial habitats, but include some species that are well adapted to freshwater and semi-aquatic environments. About 90 species worldwide (less than 1% of all known oribatid species) from 10 genera (Mucronothrus, Trhypochthoniellus, Aquanothrus, Chudalupia, Tegeocranellus, Hydrozetes, Limnozetella, Limnozetes, Heterozetes, Zetomimus) can be considered truly aquatic (SCHATZ & BEHAN-PELLETIER 2008) . In bogs, oribatid mites are the most abundant and diverse group of microarthropods (BELANGER 1976) , and are an important group for understanding the functioning of these ecosystems.
In Scandinavia, the oribatid fauna of bogs has been studied in Finland by KARP-PINEN (1955a; 1955b; 1958; 1972; 1977) and MARKKULA (1981; 1982; 1986a; 1986b) , in Sweden by TARRAS−WAHLBERG (1952; 1954; 1961) and DALENIUS (1960; 1962) , and in Norway by SOLHØY (1976; and RIVA-CABALLERO (2003) . The aim of this study is to describe and compare the oribatid fauna at the shores of two lakes, from tree zone and above it in western Norway. STUDY AREA Blåmansvannet is located at 412 m a.s.l., 60°24'58"N, 5°21'31"E. The area around Blåmansvannet is swamp/bog with Norwegian spruce (Picea abies (L.) Karst.) and planted Sitka spruce (Picea sitchensis (Bong.) as the main trees in the area, together with some mountain birch (Betula pubescens Ehrh.). The other lake, referred to as the 'Higher Lake', is located at 513 m a.s.l., 60°24'05"N, 5°21'49"E, above the tree line (450 m a.s.l.).
The climate of the area is oceanic: high precipitation, cool summers, and mild winters. The rather variable topography of the area creates numerous microclimates in the local ecosystems, while the high rainfall makes it rich in brook and lake systems (FOSSEN et al. 1986) .
The bedrock in the study area is gneiss, a metamorphic rock that gives an acidic character to soil and water, which limits plant diversity (MOE 1995) . Both lakes have a low pH (5.2 and 5.5, respectively) and their littoral zone is rather steep, without any submerged plants growing along the shore.
MATERIAL AND METHODS
Samples of Sphagnum moss were taken from the shores of two lakes located in the Fløyen area, Bergen, Norway, on 6 June 2005. At each lake, 5 samples of Sphagnum (each covering an area of 20 cm × 20 cm and 5 cm deep) were taken from the water edge. Mites were extracted using a modifi ed Berlese-Tullgren funnel. In total, 16 054 mites were extracted, including 15 859 Oribatida (Blåmansvannet: 5 627; 'Higher Lake': 10 232). Oribatida were determined to species, including juvenile stages, except for Liochthonius spp. due to a great similarity of tritonymphs and freshly moulted adults. Nomenclature follows SUBÍAS (2004) and partly WEIGMANN (2006) . For each oribatid species, we estimated abundance (A = individuals per m 2 ), constancy (C = % of samples), dominance (D = % of total oribatid mites), and age structure (Tables 1, 2 and 3). The classes of dominance follow SENICZAK (1978) .
RESULTS
At both lakes, Oribatida were highly dominant, making up over 95% of total Acari (Table 1 ). The abundance of mites, as well as of Oribatida, was almost twice as high, while species diversity was lower at the 'Higher Lake' than at Blåmansvan-net. The dominance structure of species differed between the lakes. On the shore of Blåmansvannet, the eudominant species (20% < D ≤ 40%) was Trimalaconothrus maior (Berlese, 1910) , accompanied by 3 dominant species (10%< D ≤ 20%): Liochthonius peduncularis (Strenzke, 1951) , Limnozetes ciliatus (Schrank, 1803), and Nanhermannia cf. coronata (Banks, 1896) ( Table 2) . At the 'Higher Lake', Limnozetes ciliatus was eudominant, with a density 4-fold higher than at Blåmansvannet. The dominant species were Liochthonius alpestris (Forsslund, 1958) , Nanhermannia cf. coronata, and Platynothrus punctatus (L. Koch, 1879).
The age structure was similar at both altitudes, and juveniles made up about 30% of all oribatid mites. Species of the family Nothridae, Platynothrus punctatus and Nothrus pratensis Sellnick, 1928, were represented mostly by juvenile stages (Table  3 ). In contrast, juveniles from the genera Limnozetes and Hydrozetes made up only a small fraction of the population. For Nanhermannia cf. coronata and in the genus Trimalaconothrus, the participation of adults and juveniles in age structure was similar.
DISCUSSION AND CONCLUSIONS
The increase in altitude by 100 m leads to a mean temperature drop of 0.6°C (KÖRNER 2003) and is one of the main factors that govern the vertical distribution of plants in the mountains. The general trend that species diversity decreases with increasing altitude (e.g. GASTON 2000) could also be seen in the present study. On the shore of the 'Higher Lake', the number of oribatid species was lower but the density was higher than on the shore of Blåmansvannet. An increase in altitude and lack of trees around the lake are undoubtedly a challenge for some oribatid mites, similarly to very dry or very wet habitats. For example, the number of oribatid species in bogs declined when moisture increased from moderate towards saturated conditions (EITMINAVIČIŪTĖ 1966; DONALDSON 1996; SENICZAK et al. 2006) . Concomitantly, the total density of Oribatida increased, as those few species that tolerated a very wet microhabitat occurred in much higher densities. This is consistent with the results of BORCARD (1991), who studied oribatid bog communities in Switzerland and found that species with a wide tolerance were less abundant, while specialized species were locally very abundant. In our study the species diversity of Oribatida at the edges of both lakes was rather low, in agreement with the results of the studies mentioned above. Altitude affects not only species richness but also species composition, as shown, for example, for insects. Species vary in their population response to altitude, some showing increasing, declining or no altitudinal trends in abundance (HODKINSON 2005) . At Blåmansvannet, the majority of species was represented by a single specimen each (89% of species with density < 2000 ind./m²). Many of them were typical forest species. Trimalaconothrus maior was the most abundant species and Limnozetes ciliatus, Liochthonius peduncularis and Nanhermannia cf. coronata were relatively abundant. At the 'Higher Lake', 73% of species had a density < 2000 ind./m². Limnozetes ciliatus occurred in large numbers and made up 30% of all oribatid mites, while several other species that can also be classifi ed as hydrophilic (Liochthonius alpestris, Nanhermannia cf. coronata, Platynothrus punctatus, Nothrus pratensis, Liochthonius peduncularis, Trimalaconothrus foveolatus) were relatively abundant there. Limnozetes ciliatus is a typical species found near ponds (BEHAN−PELLETIER 1989; BORCARD 1997) and it was also most abundant close to the edges of the lobelia lake Wielkie Gacno in the Tuchola Forest (Bory Tucholskie) in Poland (SENICZAK et al. 2006) . In contrast, species from the genera Limnozetes, Hydrozetes and Trimalaconothrus were not present in samples collected from Uksetjern, an oligotrophic bog in western Norway, probably because the habitat was not wet enough (SOLHØY 1979) .
At a fen in southern Lithuania, the most abundant species at the water edge was Hydrozetes lacustris (Michael, 1882) (EITMINAVIČIŪTĖ 1966) . In our study, species from this genus had a rather low density, which was probably caused by the absence of submerged plants along the shores. In studies carried out in Poland, Hydrozetes lemnae (Coggi, 1899) was abundant at a lake that had a well-developed Carex belt (SENICZAK et al. 2007 ).
The density of Oribatida on the lakeshores at Fløyen is comparable with that at Spruce Hole Bog in New Hampshire, U.S.A. (DONALDSON 1996) , but several-fold lower than on the shore of the dystrophic Lake Martwe in the Tuchola Forest, Poland (SENICZAK et al. 2007 ). The latter sites are located at a much lower elevation than Fløyen, and they certainly differ in water pH and probably also in other environmental variables. The acidity of water is a very important factor that affects oribatid mite density and species composition (WALGRAM 1976; BEHAN−PELLETIER & BISSET 1994; SENICZAK et al. 2007) , while knowledge about other factors is still very limited. Further studies of the acarofauna of bogs are needed to understand the ecological preferences of individual species. Such knowledge could be important for bioindication, in particular in bog areas, which are sensitive, threatened ecosystems, and require care and conservation.
From the obtained results the following conclusions can be drawn: 1. At Blåmansvannet the density of mites, including the Oribatida, was distinctly lower, and oribatid mites were richer in species than at the 'Higher Lake'. 2. Species dominance differed between the lakes: at Blåmansvannet, Trimalaconothrus maior was eudominant, while at the 'Higher Lake', Limnozetes ciliatus. (Berlese, 1904) .
